SUMMARY Frank lead ECG/VCG changes with deep inspiration, expiration, and body position were investigated in 194 patients, 100 with an old myocardial infarction and the remaining 94 chosen as a representative sample of catheterization laboratory patients with a variety of cardiac conditions. In a subgroup of 144 of the patients, Frank lead records were made both at the fifth and the fourth intercostal space. Diagnostic interpretation was performed using the VA-Pipberger ECG Program. The results indicate that, in general, body position and electrode level influence on mean intervals and orientation angles is negligible. There was a highly significant decrease in the R and Q wave amplitudes in leads X 
El THE FRANK LEAD SYSTEM' has become the most commonly used vectorcardiographic (VCG) system in clinical and research applications. Substantial procedural differences exist, however, in the recording of the Frank leads in various medical centers. For instance, in some clinics X and Z lead electrodes are placed at the level of the fourth intercostal space at the sternum' whereas others follow Frank's original recommendation' and use the level of the fifth interspace. Dower has proposed that level four be used for recumbent and level five for sitting or standing subjects.' However, quantitative data on the effect of body position and electrode level on diagnostic interpretation are scarce.
In a recent article Dower states that, generally, the effect of changing the electrode level on VCGs of supine subjects is small and much less than that of changing from upright to the supine position.' However, data are presented for one subject only. The reports of Gau and Smith' and Slany' on a limited number of subjects indicate that the choice of the transverse anatomical level of the X and Z lead electrodes may significantly influence ECG amplitudes and directions of certain vectors, at least in some categories of patients. There are no reports, however, which would permit evaluation of the potential implications of these changes on diagnostic interpretation.
There is extensive literature on the effect of respiration on ECG, dating back to the studies of Einthoven, 8' 7 Williams, 8 and Waller.9 The first quantitative VCG investigation accompanied by statistical evaluation of the effect of respiration was the 1957 study of Simonson, Nakagawa and Schmitt" with eight lead systems. These authors verified the maximum spatial magnitude of QRS when electrodes were shifted from the fifth to the fourth interspace. The most pronounced decrease in ECG/VCG amplitudes took place in deep inspiration while mean orientation angles changed little, with the exception of QRS elevation. However, while mean changes with body position and electrode level were rather small, substantial orientation and magnitude changes took place in many patients. Record I Sitting, level five, normal respiration. Record 2 Supine, level five, normal respiration. Record 3 Supine, level five, holding breath in deep inspiration. Record 4 Supine, level five, holding breath in deep expiration.
In 144 of the patients, the recording sequence 1 to 4 was repeated with electrodes positioned at level four. Level five and level four refer to the anatomical transverse level of electrodes A,C,E,I and M at the level of the corresponding intercostal space at the left sternal border. The position of electrode A was marked with care at the left midaxillary 40 BODY AND ELECTRODE POSITION AND VCG/Riekkinen, Rautaharju line. A special electrode locator'3 was used to determine the 450 angle between electrodes A and E for positioning electrode C. Beckman biopotential electrodes (Beckman Instruments Inc., Fullerton, California) with an outer diameter of 19 mm were used, after careful skin preparation, shaving when necessary and rubbing the skin vigorously with acetone solution. The internal cavity of each electrode (impregnated silver-silver chloride) was filled with electrode paste using a syringe; this procedure prevents contact between electrodes or possible shunting effect between adjacent areas covered by electrode paste, a factor which may be important when electrodes are shifted to different locations. All electrode positions were marked while the subject was standing to assure that electrodes A, C, E, I and M were positioned at the same horizontal level.
The Frank leads were recorded simultaneously as six independent potential differences using electrode H as a common reference. Dalhousie ECG program" was used for measurement of various ECG/VCG parameters. The program performs advanced noise reduction, clustering and selective averaging, thus minimizing beat-to-beat and random variation. A special visual editing program was used to check the correctness of computer measurements and to assure the integrity of all six bipolar components of the Frank leads. This is important in view of the fact that distortion or even absence of one of the components (e.g., due to bad contact) may go unnoticed if only the XYZ signals are inspected.
The six ECG leads were simultaneously sampled at two millisecond sampling intervals. The records made during different phases of respiration were sampled during 15 seconds of normal respiration, 15 seconds of deep inspiration and expiration, respectively. A low pass filter with 110 Hz upper corner frequency and 6db per octave attenuation was used before sampling in order to avoid aliasing errors.* Details of the ECG program used for wave identification and measurement have been published previously." The measurements of ECG amplitudes and duration are not performed on each cardiac cycle; in order to improve measurement precision, the program performs clustering and selective averaging (to exclude ectopic beats and artifacts), after which measurements are made from the averaged complex. After visual verification of ECG measurements, diagnostic classification of the records was performed using the VA Hospital ECG Analysis Program developed by Dunn, Pipberger, and Cornfield.15 The main features of this multivariate multigroup classification program have been described elsewhere.16 17 Two groups of clinical patients were studied. Group I consisted of 100 subjects with old myocardial infarction (MI), documented in the acute phase with evidence independent of the ECG. The mean age of this group was 54 years, with a range from 40 An ECG/VCG change was defined notable if it fulfilled the following conditions with respect to the reference level, the record at electrode level five: the vector magnitude or the ECG amplitude change exceeding 100 ,uV and 10%; orientation (azimuth or elevation) change exceeding 10°; duration change exceeding 10%. The statistical z test for proportion was used to evaluate the significance of these notable changes. The increases and decreases were assumed to be a series of N Bernouilli events. The probability (p) of an increase as well as that of a decrease is taken as 1/2. Consider, for instance, that increases are more frequent than decreases and that these are X increases in a series of N notable events. The normal approximation to the binomial distribution can be used to test the null hypothesis X-Np = 0. This approximation is considered adequate if N is large. (In practice, N > 10 is sufficient). The standard normal deviate z is given by: To specify the full hypothesis for the test that a mean angle 0 is equal to a given angle, let the polar vector of the given angle be Oo. Then: The frequency of horizontal plane counterclockwise shifts of the QRS maximum vector, exceeding 10O, and decreases in QRS elevation (more vertical orientation) were also highly significant. The orientation changes of the maximum T vector in inspiration were in opposite direction of those of the maximum QRS vector shifts, with a significant proportion of clockwise rotations in the horizontal plane and increases in elevation.
In spite of these significant trends in notable orientation changes of QRS and T with inspiration, the group mean values of the orientation angles changed little, and the QRS elevation decrease was the only highly significant change (table 3) . The spatial angle between the maximum QRS and T vectors increased in inspiration over 10°in 73 patients (37.6%) and decreased in 23 (11.9%); the mean increase of 70 was not significant. There were no notable orientation changes in expiration.
A comparison of the inspiratory and expiratory magnitude changes (table 3) reveals that the inspiratory changes are much more prominent. The mean differences between normal respiration and deep inspiration of all ECG amplitudes and vector magnitudes listed in table 3 are significant. Particularly prominent decreases are seen in R amplitude of lead X (lower 2% of change 1.27 mV and mean decrease close to 0.5 mV). Q wave amplitude decrease is potentially important from the point of view of ECG classification.
Effect of Body Position
Transition from supine to sitting up position resulted in a highly significant increase in R amplitude of the Z lead and decrease of the Q wave amplitude in Y lead (table 3) . The QRS maximum spatial magnitude increase is highly significant whereas the mean T spatial magnitude change is not significant. There is, however, a trend to more frequent notable T magnitude increase than decrease (31 vs 8 patients, respectively).
A counterclockwise shift of the maximum QRS vector took place in 51 patients (26.3%), and there was a highly significant proportion (36.1%) of notable increases in the spatial angle between the QRS and T vectors. However, none of the group mean differences of orientation angles were significant. Tables 2 and 3 summarize changes in selected clinically important amplitude and duration measurements when electrodes were shifted from the fifth to the fourth level. A significant decrease at level P < 0.001 between the mean values from level five to level four records took place in the Q and R amplitudes of the X and Z leads, and the maximum The sensitivity was determined in the myocardial infarct group and the specificicity in the catheterization group.
Effect of Electrode Level
Contingency statement OR refers to combinations where myocardial infaret was diagnosed in either of the records, and statement AND to combinal ions where diagnosis was made in both conditions. 44 CIRCULATION
